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Abstract 
 
     Energy supply and demand in China and India will be of premier importance to both nations in upcoming 
years. Both nations have ambitious goals for development, involving the expansion of the electricity supply to 
rural regions, as well as an increase in GDP, which will be accompanied by an increased demand for energy. 
The current distribution of electrical energy supply in each nation raises many concerns about sustainability 
and environmental viability. Electricity generation in both China and India relies heavily on coal, which raises 
environmental concern. Although there are likely to be severe consequences for continuing with the current 
energy mixes in China and India, there is also considerable resistance to change related to the generating cost 
of renewable energy supplies as well as the initial capital investment involved in changing infrastructures. 
Because mitigating environmental damages and social costs associated with CO2 emissions is not immediately 
economically beneficial on its own, the possibility of a tax on CO2 is introduced at three rates which serves to 
both internalize the costs associated with carbon emissions and motivate the restructuring of the energy 
distributions in India and China with more supply being met by renewables. An optimization routine based on 
Monte Carlo sampling was written and applied to this problem of determining optimal energy mixes for India 
and China based on the three tax rates. The substitution of clean coal technology for standard coal, which 
seems promising for both countries, is also investigated using the same optimization routine. Projections of 
electrical energy demand in 2030 were used as reference points for the investigation.  
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1. Introduction 
Due to their recent growth and prosperity, China and India now have an increasingly 
greater impact on the future of the world. Both of their economies have seen rapid growth over 
the last decade, paralleled with a significant increase in energy consumption. Currently, China 
and India account for 20% of the world’s total primary energy demand, with projections to 
increase to 30% by 2030.
1 This will significantly augment the international demand for energy 
resources, especially fossil fuels. However, such drastic increases in fossil fuel consumption will 
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not be environmentally sustainable or viable, forcing both nations to look to alternative energy 
sources for continued growth in the future.  
 
1.1 China’s Current Situation 
Real GDP growth in China has averaged about 9.8% per year since 1980 and has recently 
accelerated to just below 11% in 2006. Economic growth has relied predominantly on 
investments in heavy manufacturing industries and exports of industrial goods, which are both 
energy intensive industries that have caused a significant rise in energy demand. With no 
foreseeable slow-down in the near future, energy consumption is forecasted to continue to climb, 
more than doubling by 2030.
2 Inevitably,  CO2 emissions will follow suit, posing serious 
environmental concerns. What makes China a particularly compelling country to focus carbon 
mitigation efforts on is its coal-driven economy. At the end of 2006, China had 114,500 Mt of 
proven coal reserves, 12.5% of the world’s total reserves, ranking third in the world behind the 
United States and Russia.
3 With such a plethora of coal, it’s no wonder that coal provides about 
60% of the country’s primary energy needs, compared to 23% in the United States. This reliance 
on coal has already placed great strain on the environment, making it increasingly obvious that 
China’s present energy mix will not be sustainable. Currently, coal represents about 80% of total 
electricity generation, but Chinese coal is particularly dirty, releasing SO2 and sooty particles 
that have caused air pollution and acid rain, which falls on 30% of its land mass.
4 In 2005, China 
emitted 25.49 Mt of SO2, the highest in absolute terms among any other country.
5 CO2 emissions 
have also been increasing, amounting to 5101 Mt in 2005, with coal accounting for 82% of these 
emissions.
6 Thus, it is clear that in order to maintain its current economic growth and minimize 
environmental degradation, China must look to alternative energy sources. The National 
Development and Reform Commission (NDRC) has already set goals in the hopes of promoting 
sustainable development, detailed in the 11
th Five-Year Plan (2006-2010). The central goal 
NDRC has set for energy in the 11
th Five-Year Plan is to reduce energy intensity by 20% in 2010 
compared to 2005 levels. However, based on preliminary data for 2006, while there has been a 
                                                 
2 Ibid, pg. 597 
3 BP Statistical Review of World Energy, 2007 
4 IEA. Problems and Prospects: the Outlook for China and the World Economy, 2003-2030 
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slight fall in energy intensity, this decline is certainly not fast enough to meet the 2010 target.
7 
Furthermore, China is looking to increase renewable energy consumption to 10% of total energy 
consumption in 2010 and 15% by 2020.
8 However, current measures have not been sufficient in 
meeting these goals. Therefore, facing domestic and international pressure to reduce CO2 
emissions, China needs to consider further options to meet its energy demand and, ultimately, to 
truly diversify its energy portfolio. 
 
1.2 India’s Current Situation 
With a population of 1.07 billion, India is the second most populated country in the world. 
India’s GDP has grown at the rate of 6-8% over the last decade, making its economy the twelfth 
largest in the world.
9 The fast pace of urbanization, industrialization, rising standards of living, 
and population growth puts serious strain on India’s energy sector. According to the International 
Energy Agency (IEA), in order to sustain high GDP growth, India needs to double its installed 
power capacity in the next ten years and increase it three-fold by 2030. The top two energy 
sources that contribute to total primary energy demand are coal (39%) and biomass (29%). 
However, two thirds of electricity generation is fueled by coal. India’s 35,000 Mt of proven coal 
reserves consist mainly of low quality coal with high ash content. Heavy usage of domestic coal 
and the currently inefficient energy technology make coal an environmentally unsustainable 
option for the future. More than half of Indian cities have levels of pollution that are more than 
50% above Indian standards, but due to very low energy intensity (at the level of Vietnam or 
Mozambique), India accounts for only 5% of world’s total CO2 emissions. Even India’s energy 
projections for 2030 remain below the current world average. While renewable energy sources 
are not yet cost competitive when compared to fossil fuels, they are showing signs of penetration 
in the energy market. Currently, about 15% of electricity is generated by renewable sources, 
mostly hydroelectric plants. Wind, solar, biomass, and waste play larger roles in rural areas 
where central electrical grid power is not available. However, with limited renewable options in 
the urban centers, electricity for the masses becomes harder to achieve. At the moment, some 
350-400 million people remain below the poverty line, and about the same number have no 
access to electricity in their homes. Corrected for purchasing power, Indians pay one of the 
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world’s highest electricity prices, putting further strain on accessibility for residents.
10 The 
Indian government has made economic development its priority and is not likely to sacrifice 
economic growth by mandating expensive clean energy sources.
11 However, if clean fuels are 
not made available to them, the pollution will disproportionately affect the poor population in 
both urban and rural areas.
12 Even though the Indian government may not currently be in favor 
of sacrificing economic growth for alternative energy, its current energy portfolio will not be 
sustainable or viable for both the economy and the environment. Therefore, ultimately, India will 
have to look to means of diversifying its energy mix.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Technology 
2.1 Clean Coal Technologies 
When compared to the rest of the world, power generation in China and India relies 
disproportionately on coal as a major source of energy. This dependence will increase in the 
future as imported fossil fuels will become progressively more expensive. However, coal burning 
generates more environmental pollutants than any other fossil fuels and is the largest contributor 
to environmental degradation and health concerns. Thus, methods to reduce emissions, applied 
                                                 
10 IEA. WEO 2007, pg 572 
11 Sinha, Rajiv K., 2006 
12 Murthy et al, 1997 
Figure 1 
Current Energy Mix in China (left) and India (right), 2005 
Source: IEA, WEO 2007  5
before or after coal combustion, have become a main focus for development of future coal 
technologies. Currently, there are promising clean coal technologies that minimize 
environmental impact, potentially allowing coal to become a sustainable energy resource for the 
future.  
A prominent technology used to decrease sulfur dioxide (SO2) emissions is flue gas 
desulphurization (FGD) systems. This technology is currently commercial, meaning that with the 
correct implementation of policy, power plants can significantly reduce SO2 emissions. These 
systems control the coal burn to minimize emissions of SO2, nitrogen oxides (NOx), and 
particulates by removing the SO2, a major cause of acid rain. This is accomplished by spraying 
the released flue gas with limestone and water. The mixture reacts with the SO2 to form gypsum 
(CaSO4 • 2H2O), a component of sheetrock.
13  
Gasification technology is a new development which avoids burning the coal altogether. 
In Integrated Gasification Combined Cycle (IGCC) systems, steam and hot pressurized air or 
oxygen combines with coal by one of several reaction pathways to generate a mixture of carbon 
monoxide (CO) and hydrogen (H2), called synthesis gas or ‘syngas’. Briefly, the common 
reaction pathways are: 
C(s) + H2O(g) → CO(g) + H2(g) 
 
  (1) 
C(s) + O2(g)  → CO2(g) 
 
  (2.a) 
CO2(g) + C(s) → 2CO(g) 
 
  (2.b) 
 
With further processing in a shift reactor a mixture of H2 and CO2 is produced. Utilizing a 
combined-cycle gas turbine, the hydrogen is burned in a gas turbine to generate electricity, while 
heat energy generated from the gas turbine also powers a steam turbine.
14 Thus, potentially, fuel 
efficiency may reach 50%.
15 IGCC plants have inherent advantages for emissions control, since 
gas clean-up takes place before combustion of the fuel gas, using relatively little equipment, and 
solid waste is in the form of a vitrified slag.
16 
However, the most hopeful new technology for the mitigation of carbon emissions from 
coal-fired plants involves CO2 capture and storage (CCS) from stationary sources such as power 
plants. Current CCS processes can capture more than 85% of the emitted CO2, but reduces the 
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thermal efficiency by 8% to 12%. CCS is a three-step process, involving the capture of CO2 
released by large-scale stationary sources, compression of the CO2, and transportation, usually 
through pipelines, to a storage site.  
Generally, capturing the CO2 represents the largest component of CCS costs. There are 
three primary ways to separate the CO2 from other coal-fired emissions for capture. During pre-
combustion capture, the CO2 is captured for storage after the gasification process used in IGCC 
systems, and the hydrogen is used to generate electricity and heat in a combined-cycle gas 
turbine. It is also possible to capture CO2 post-combustion, utilizing either a flue-gas separation 
method or the oxy-combustion process. Flue-gas separation removes CO2 from the flue-gas 
generated from combustion, which contains about 15% CO2. The most prevalent method is the 
use of solvents and subsequent solvent regeneration to remove the CO2 from the flue gas.
17 One 
such solvent strips off the CO2 with steam and condenses the steam into a concentrated stream. 
Flue-gas separation renders commercially usable CO2, which will, in turn, help offset the price of 
CO2 capture. Oxy-fuel combustion is another post-combustion process which burns the fuel in 
pure or enriched oxygen to create a flue gas composed primarily of CO2 and water. This process 
does not involve separating the CO2 from other flue gasses, which is a very energy intensive 
venture.  
After capture, secure containers sequester the separated CO2 as a means of preventing or 
delaying its reentry into the atmosphere. There are currently two storage options: geologic and 
oceanic, both of which must hold the CO2 until peak emissions subside hundreds of years from 
now. Geologic storage involves inserting the separated CO2 into the earth. Examples of suitable 
containers for geologic storage would include depleted oil or gas fields where deep saline 
aquifers safely contain the CO2 and unminable coal seams absorb it. An already-existing process 
called enhanced oil recovery uses CO2 to maintain pressure and improve extraction in oil 
reservoirs. Oceanic storage, involves injecting liquid CO2 into waters 500 to 3,000 meters deep. 
There, the CO2 dissolves under the massive pressure. However, one apparent problem with the 
oceanic storage method is that it would slightly decrease pH levels and potentially harm marine 
habitats, indicating that this technology is still in its early stages of development.
 18 
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The problem with clean coal is that it is not yet economically sensible for companies to 
incorporate. Cleaning coal and sequestering its emissions significantly raises the per kWh price 
of what would otherwise be an inexpensive fuel. However a tax on carbon emissions may be 
enough to finally make clean coal options financially realistic.  
 
2.2 Clean Coal Technology Development in China 
  Unlike the United States, China does not have large crude oil and natural gas reserves. 
Instead, China has a rich endowment of coal, which accounts for 92.6% of gross reserves of the 
remaining exploitable fossil energy sources.
19 With the third largest proven reserves in the world, 
coal will continue to play a significant role in China’s energy profile. The vast majority of the 
coal in China lies deep underground. Therefore, there is little potential for surface mining. The 
average sulfur content of coal mined today is low to medium. However, it has been found that 
sulfur content increases with depth in northern China, suggesting that sulfur content will rise 
with time, increasing the need to reduce emissions generated through burning coal.
20 Thus, to 
utilize their coal resources in the future as a sustainable energy source, China has already begun 
to implement and develop clean coal technologies. 
While China is looking to research and develop clean coal technologies, it still has 
difficulty implementing existing means of emission control. In the 10
th Five-Year Plan (2001-
2005), China set ambitious goals for SO2 reduction, detailing a 10% reduction in 2005 compared 
to 2000 levels. However, China has had difficulty putting this plan into action. Specifically, 
implementing FGD has been especially slow. In 2005, of the 389 GW of thermal capacity 
installed, only 45 GW had FGD installed.
21  Furthermore, of all the coal-powered electricity 
generation plants, less than 15% have FGD installed and even fewer have them running.
22 Thus, 
China could begin its movement towards sustainable development by enacting and enforcing 
policies that require power plants to significantly reduce SO2 emissions through the installation 
of FGD technology. 
The largest proponent for IGCC plants and CCS development in China has been 
GreenGen, China’s domestic program complementary to the United States’ FutureGen. Led by 
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the Huaneng Group, GreenGen was set up as a near zero emission coal-based power 
demonstration project. Its objective is to achieve sustainable coal-based generation through the 
integrated coal gasification, hydrogen production, hydrogen power generation, and CO2 
sequestration system.
23 Part of the appeal of clean coal technology is the prospect of generating 
energy from coal with very low CO2 emissions, which would allow coal to become a viable and 
sustainable energy source for the future. The GreenGen project is comprised of three stages. The 
first stage is a plan for a 250 MW IGCC polygeneration plant.
24 The second phase of the project 
will be a 400 MW IGCC plant with CO2 separation and hydrogen power generation. This is 
planned for operation in 2015.
25 The third phase will be the incorporation of CCS technology: 
capturing pre-combustion CO2 through IGCC technology and post-combustion CO2 using flue-
gas separation and the oxy-combustion process. Currently there is no large scale commercial coal 
power plant equipped with CCS technology. However, the willingness of GreenGen and the 
Chinese government to invest in advanced coal technologies indicates that ultimately, China still 
sees coal playing a significant role in its future energy mix. 
On the international scale, China is highly involved in the Clean Development 
Mechanism (CDM) projects set up under the Kyoto Protocol. China has become the dominant 
player on the supply-side of the CDM market, meaning that China plays host to projects that 
generate credits. IEA predicts that by 2012 China will account for more than half of all the 
credits generated by CDM projects. By August 2007, China had 737 CDM projects either 
registered, at the validation stage, or requesting registration. China has also indicated preferences 
in certain categories of CDM projects, particularly renewable energy, energy efficiency, and 
methane recovery projects. Implementing further CDM projects in the future will provide further 
incentives for renewables, helping China to acquire a more sustainable energy portfolio.
26 
 
2.3 Advanced Coal Technology Development in India 
With relatively low investments in R&D in the energy sector, India will have to import 
clean coal technologies to implement in the domestic market. Indian R&D efforts have been 
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focused on technological adaptations for local use. Only 1% of GDP goes to R&D efforts.
27 Due 
to high cost and technical uncertainties, clean coal plants are currently applied at the level of 
pilot programs in India. In recent years, India has become a part of numerous international, 
regional and bilateral efforts to speed up implementation of clean coal technologies. These 
programs include the Carbon Sequestration Leadership Forum, the Government Steering 
Committee for the US FutureGen project, the US Big Sky CCS partnership, and the Asia-Pacific 
Partnership on Clean Development and Climate. This indicates that India has a vested interest in 
the development of clean coal technologies.  
Currently, FGD systems are not required for thermal power plants in India. Thus, this is 
one of the options that could be considered to reduce SO2 pollution from power generation. 
Most international monitoring agencies agreed that no IGCC plants of any sort will be 
built in India by 2030. In January 2008, Coal India Ltd. and GAIL India Ltd, the two publicly 
owned companies that control the coal and gas industry, agreed to jointly build a $0.5 billion 
100MW gasification plant in the near future that might be India’s first step towards gasification 
technologies.
28  
India has made some efforts to estimate its CO2 sequestration potential. The Indian CO2 
Sequestration Applied Research network was launched in 2007 to develop a framework for 
activities and policy studies. The properties of mature Ankleshwar oilfield indicate that it could 
be used for sequestration of acid gas from processing plants nearby.
29  Estimates for the 
geological storage potential of India are in the range of 500 to 1000 Gt of CO2, including onshore 
and offshore deep saline aquifers (300 to 400 Gt), basalt formation traps (200 to 400 Gt), 
unmineable coal seams (5 Gt), and depleted oil and gas reservoirs (5 to 10 Gt).
30 Opportunities 
for pilot programs for CCS in India have recently been analyzed using the IEA greenhouse gas 
methodology.
31 Over 30 large-scale sources are within 20 km of promising sequestration sites, 
where CO2 would be injected in depleted oil and gas fields or be used for enhanced oil recovery. 
Saline aquifers could absorb a further 40 Mt per year. 
India does not have greenhouse gas emissions commitments under the Kyoto protocol, 
but India’s government has taken steps to encourage and explore initiatives under CDM. The 
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Energy and Resources Institute of India has been selected to carry out the National Strategy 
Study on CDM in India sponsored by the World Bank. CDM activity in India is second only to 
that of China. Expected emissions reductions from proposed CDM projects in India will amount 
to some 54 Mt of CO2-equivalent per year during 2008-2012. Energy-related projects account for 
almost 75% of the total savings. These projects focus mainly on renewable energy (20 Mt CO2), 
energy efficiency (12 Mt CO2) and fuel-switching (7 Mt CO2). Most of the projects are being 
developed by Indian companies. The main buyers of credits worldwide are industrial companies 
and power generators in the European Union and Japan.
32 International interest in renewables 
may stimulate the domestic market and diversify India’s current energy mix. 
 
3. Methodology  
With the intent of motivating the implementation of clean coal technology and renewable 
energy investment, four scenarios were investigated for economic feasibility and CO2 emissions 
with the implementation of a carbon tax. Three tax rates were chosen with the intent of 
internalizing the social cost of CO2 emissions, which are, from lowest to highest, $14.02/t CO2, 
$40.65/t CO2, and $77.92/t CO2. The lowest tax rate is an estimate of the costs of global 
warming using a medium discount rate.
33 The middle value is the market price of CO2 as of May 
30, 2008 by the EU ETS. The high tax rate is taken from a value reported as an upper bound 
price on carbon for market sensitivity analysis.
34 
The tax rates were applied to determine a corrected price for each energy source. Carbon 
taxation for each source was determined as the tax rate on carbon times the emissions per KWh 
based on life cycle assessment of the source.
35 The life cycle assessment values for the carbon 
emissions of the energy sources of investigation are presented in the table below. 
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The corrected price, which seeks to internalize the social cost of emissions, is the 
generation cost plus the carbon taxation for each source, so the cost function for each scenario is 
defined as a vector with each entry consisting of the generation costs ($/KWh) plus the carbon 
taxation ($/t CO2) of an energy source (see Table 3).  
Determining the optimum energy mix amounts to identifying a stable minimum of the 
cost function with respect to the energy output units of each source. A stable minimum is 
preferred over the global minimum of cost for several reasons: a global minimum may be 
inconsistent with the countries potential of growth, and further, a global minimum may not 
necessarily guarantee a sustainable distribution of energy supply. For instance, one may identify 
a global minimum of cost by creating a hierarchy of energy sources in terms of cost and putting 
maximum dependence on the cheapest sources. However, intuitively this seems to pose a 
problem in terms of a stable balance of supply. So, one might expect that this distribution is not 
the most sustainable. An optimum mix that does not correspond to the global minimum of cost 
will therefore be accepted provided that the cost of the distribution proves to be robust with 
incremental changes. 
The following scheme seeks to determine the stable economic optimum numerically. 
The optimization routine is based on the notion of a Monte Carlo algorithm.
36  In such an 
optimization scheme, an unbiased search of the functional space is performed in an attempt to 
arrive at an optimal solution. The unbiased search is accomplished through a series of random 
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Table 1 
Life cycle CO2 Emission of Energy Sources 
Energy Source     Life cycle Emissions  
(t CO2/KWh) 
Coal   1000.0 
Natural Gas    500.0 
Biomass   70.0 
Hydro   20.0 
Nuclear   5.0 
Wind   4.6 
Solar     58.0 
Source: Parliamentary Office of Science and Technology (UK), October 2005   12
changes to the initial distribution. Convergence to the optimal solution is aided by accepting 
changes that satisfy a given criteria, and conditionally rejecting changes that do not.  Although 
the objective is not necessarily to determine a global cost minimum, it is nevertheless 
advantageous to attempt a thorough search of the cost-space, and so a ‘time-dependent’ factor T 
is introduced such that the transition probabilities are high early on in the simulation and become 
smaller as it progresses.  
 
The algorithm can be outlined as follows: 
•  Construct an initial energy distribution for fossil fuels and non-fossil fuels. The total 
energy supply of these sources will remain constant throughout. Initial distributions come 
from IEA projections for 2030 in their Alternative Policy Scenario.
37 
•  Compute the cost of this initial distribution, Cn. 
•  Select an element of the fossil fuel and non-fossil fuel distribution to change at random. 
•  Select an amount within a range at random, make an increase in one distribution by this 
amount, and make a decrease in the other distribution by this amount. Both fossil fuels 
and non-fossil fuels are allowed to increase and decrease. 
•  Evaluate the cost of the new distribution. 
•  Calculate 
 
1 nn n CC C + ∆= −
 
•  If               , accept the distribution, add 1 to T and continue. 
•  If               , evaluate    
 
exp
n CT
B
k
−∆  = 
  
 
•  If B is less than a Gaussian number between 0 and 1, accept the new distribution, add 1 to 
T and continue. 
•  If B is greater than a Gaussian number between 0 and 1, reject the new distribution, add 1 
to T and continue using the previous distribution. 
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•  The simulation is completed when a series of ∆Cn is less than a threshold value and  
∆∆ Cn is positive, which should correspond to a minimum of cost. A range on the order 
of the threshold value is allowed for the 5 ∆C's before the terminating ∆Cn to enforce the 
criteria of a stable minimum.  
 
4. Results 
4.1 Scenarios 
Four scenarios were investigated for China and India using the methodology and tax rates 
described above. Initial energy distribution among the energy sources was obtained from 
projections for energy demands in 2030 determined by the IEA. For each scenario, the cost of the 
IEA projected distributions was computed with the inclusion of the tax rates along with the 
associated CO2 emissions, referred to as initial cost and initial CO2 emissions, respectively. This 
means that initial cost and initial CO2 refers to the cost of electricity generation and CO2 
emissions if the country was to not change its energy mix with the introduction of the tax. The 
change in both CO2 and cost that results from the implementation of the optimized energy 
distribution is reported here, following a description of the scenarios.  
 
Table 2 
Summary of IEA Projections for Energy Distributions in India and China, 2030 
Source  Energy Supply in India 
(Twh) 
Energy Supply in China 
(TWh) 
Coal 1261  4736 
Natural Gas  246  427 
Biomass 79  N/A 
Hydro 368  1270 
Nuclear 182  459 
Wind 124  207 
Solar 15  59 
Source: IEA, World Energy Outlook 2007   
 
 
Scenario 1: Optimization of the energy mix in China with carbon taxes beginning with the 
energy distribution projected by the IEA for 2030.    14
Scenario 2: Optimization of the energy mix in China with carbon taxes where clean coal
∗ is 
substituted for coal in the IEA 2030 projection for Chinas energy distribution.  
Scenario 3: Optimization of the energy mix in India with carbon taxes beginning with the energy 
distribution projected by the IEA for 2030.  
Scenario 4: Optimization of the energy mix in India with carbon taxes where clean coal is 
substituted for coal in the IEA 2030 projection for India's energy distribution. 
 
Table 3 
Generation cost (dollar/kWh) for different energy sources with used tax rates for both countries 
   China   India  
   Initial 
Projections 
Low Tax   Medium 
Tax 
High Tax   Initial 
Projections 
Low Tax  Medium 
Tax 
High Tax  
Coal  0.0355 0.0495  0.0760  0.1134  0.0344 0.04842  0.0751  0.1123 
Clean  Coal  0.0650 0.0664  0.0690  0.0720  0.0650 0.06640  0.0690  0.0720 
Gas  0.0620 0.0690  0.0823  0.1010  0.0328 0.03981  0.0531  0.0718 
Biomass N/A  N/A  N/A  N/A  0.0772  0.07820  0.0800  0.0827 
Hydro  0.0480 0.0483  0.04881  0.04956  0.0550 0.05530  0.0558  0.0565 
Nuclear  0.0440 0.0441  0.04420  0.04440  0.0463 0.04640  0.0464  0.0467 
Wind  0.0450 0.0451  0.04510  0.04540  0.0772 0.07730  0.0774  0.0772 
Solar  0.7187 0.7195  0.72110  0.72310  0.3861 0.38690  0.3884  0.3861 
Source: IEA, WEO 2007; World Nuclear Association; IEA, Renewable; CEA, 2004; Government of India Planning 
Commission, 2007; Authors' calculations 
      
 
 
 
 
                                                 
∗ Clean coal in the scenarios refers to the implementation of IGCC and CCS technologies, reducing CO2 emissions 
by 90%. Therefore, CO2 emissions for clean coal are assumed to be 10% that of traditional coal. 
Figure 2: Total cost and CO2 emissions evolution during an energy distribution optimization. The CO2 emissions and 
total cost values are normalized to the values corresponding to the initial distribution (Alternative Policy Scenario 
suggested by IEA). This figure corresponds to one optimization trajectory of Scenario 2 with a high tax rate.   15
4.2 Results for Scenario 1: China with Traditional Coal Technology 
Under the scenario where China implements no clean coal technology developments, 
CO2 emissions decrease with the low tax rate, while total cost of electricity generation actually 
increases. However, with a higher tax rate, imposing the medium or the high tax, CO2 emissions 
and cost both decrease. 
 
 
 
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
Coal 63.70% 59.20% 59.09% 58.93%
Gas 5.74% 0.00% 0.00% 0.00%
Hydro 17.08% 27.62% 27.71% 27.84%
Nuclear 6.17% 8.38% 8.37% 8.38%
Wind 2.78% 3.70% 3.74% 3.74%
Solar 0.79% 1.10% 1.09% 1.12%
IEA, Alternative Policy 
Scenario Projections
Low Tax ($14.02/t CO2)
Medium Tax ($40.65/t 
CO2)
High Tax ($77.92/t CO2)
 
Table 4      
Scenario 1: China with Traditional Coal Technology       
 
Low Tax  
($14.02/ t CO2) 
Medium Tax  
($40.65/ t CO2) 
High Tax  
($77.92/ t CO2) 
Initial cost  $397 billion  $530 billion  $716 billion 
Initial CO2 emissions  4969 Tt  4969 Tt  4969 Tt 
Final cost  $400 billion  $513 billion  $673 billion 
Final CO2 emissions  4265 Tt  4258 Tt  4247 Tt 
Change in cost  $3 billion  -$16 billion  -$42 billion 
Change in CO2 emissions  -704 Tt  -711 Tt  -722 Tt 
Percent change in cost  0.76%  -3.10%  -5.86% 
Percent change in CO2 emissions  -14.16%  -14.31%  -14.53% 
Figure 3 
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Low Tax ($14.02/ t CO2) 
With a low tax rate on carbon, the final cost of electricity generation increased from an 
initial cost of $397 billion to $400 billion (0.76%). However, carbon emissions decreased by 
14.16% from an initial CO2 emissions of 4969Tt to 4265Tt, a reduction of 704Tt. The low tax 
rate already offsets the high capital cost of nuclear energy, making it more cost competitive with 
coal. The generating costs for hydro and wind are also close to that of coal. 
 
Medium Tax ($40.65/ t CO2) 
Under the medium tax rate, both final electricity generations costs and carbon emissions 
decrease. Final costs declined 3.10% from an initial cost of $530 billion to $513 billion. CO2 
release declined 711Tt to a final CO2 emissions of 4258Tt, resulting in a 14.31% decrease in the 
initial carbon emissions. In the case of the medium tax, rates of generating cost for all the 
renewable energy sources, except solar, are lower than that of coal.  
 
High Tax ($77.92/ t CO2) 
The high tax rate is the most successful of the three tax rates analyzed, resulting in the 
greatest decrease in both cost and carbon emissions. Generation cost declined from an initial cost 
of $716 billion to $673 billion, amounting to a 5.86% decline. CO2 emissions fell by 14.53% 
from an initial emission of 4969Tt to 4247Tt, a 722Tt decrease. The high tax rate makes the 
production cost for coal and gas nearly double the production cost of wind, nuclear and hydro. 
Nuclear energy is the most competitive in price. However, the highest tax rate is still not enough 
to make electricity production from solar competitive. 
 
 
4.3 Results for Scenario 2: China with the Introduction of Clean Coal Technologies 
Introduction of clean coal technologies in China’s energy mix succeeded in decreasing 
carbon emissions from the initial CO2 emissions (706Tt) for all studied tax rates. In addition, 
optimization of the original fuel mix resulted in lower final cost at each rate. However, the final 
production cost for the optimized energy mix at the high tax rate is greater than the final costs for 
the low and medium rates.   17
 
Table 5      
Scenario 2: China with the Introduction of Clean Coal Technologies    
 
Low Tax  
($14.02/t CO2) 
Medium Tax  
($40.65/ t CO2) 
High Tax  
($77.92/ t CO2) 
Initial cost  $480 billion  $499 billion  $526 billion 
Initial CO2 emissions  706 Tt  706 Tt  706 Tt 
Final cost  $474 billion  $487 billion  $504 billion 
Final CO2 emissions  454 Tt  454 Tt  452 Tt 
Change in cost  $6 billion  -$12 billion  -$22 billion 
Change in CO2 emissions  -253 Tt  -253 Tt  -255 Tt 
Percent change in cost  -1.26%  -2.32%  -4.10% 
Percent change in CO2 emissions  -35.80%  -35.79%  -36.08% 
 
 
 
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
70.00%
Coal 63.70% 59.39% 59.40% 59.08%
Gas 5.74% 0.00% 0.00% 0.00%
Hydro 17.08% 27.51% 27.46% 27.73%
Nuclear 6.17% 8.25% 8.27% 8.36%
Wind 2.78% 3.76% 3.76% 3.72%
Solar 0.79% 1.09% 1.11% 1.10%
IEA, Alternative Policy 
Scenario Projections
Low Tax ($14.02/t CO2)
Medium Tax ($40.65/t 
CO2)
High Tax ($77.92/t CO2)
 
 
Low Tax ($14.02/t CO2) 
In the case of the lowest introduced tax rate, CO2 emissions fell by 35.80 % from an 
initial emission of 706Tt for the original energy mix to 453Tt for the final energy mix. The cost 
Figure 4 
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of the final energy mix was reduced by 1.26% from an initial cost of $479 billion to $473 billion. 
The low tax rate offsets the high capital cost of nuclear energy and makes the total production 
cost competitive with coal. Production costs for hydro and wind are also close to the price of coal. 
 
Medium Tax ($40.65/t CO2) 
For the optimal energy mix, CO2 emission fell to 454Tt. Due to a higher tax rate, the 
initial cost of production, $498 billion, was higher in the medium tax rate than in the low tax rate. 
However, the final production cost was reduced to $487 billion by increasing the usage of 
renewable sources in the energy mix. Although wind, hydro and nuclear still have a lower cost 
than clean coal, clean coal is now preferred to gas for electricity production. Clean coal is also 
more affordable than traditional coal technologies. 
 
High Tax ($77.92/t CO2) 
For the optimal energy mix, CO2 emissions were reduced from an initial emission of 
706Tt to 452Tt (36.08 %) and the generating cost decreased from an initial cost of $526 billion 
to $504 billion (4.10%). High tax rates bring the cost of electricity production from gas and coal 
to approximately $0.10 per kWh, making other energy sources more cost efficient. However, 
clean coal technology still remains more expensive than hydro, nuclear, and wind. 
 
 
4.4 Results for Scenario 3: India with Traditional Coal Technology  
Running the simulation with traditional coal, the CO2 emissions under each tax rate 
decreased from the initial CO2 emissions, while the final cost of electricity generation increased 
from the initial cost with the implementation of the low and medium tax rates. At the high tax 
rate level final cost was lower than initial cost. 
 
 
 
 
 
   19
Table 6      
Scenario 3: India with Traditional Coal Technology       
 
Low Tax  
($14.02/t CO2) 
Medium Tax  
($40.65/t CO2) 
High Tax  
($77.92/t CO2) 
Initial cost  $121 billion  $159 billion  $198 billion 
Initial CO2 emissions  1399 Tt  1399 Tt  1399 Tt 
Final cost  $158 billion  $183 billion  $166 billion 
Final CO2 emissions  949 Tt  934 Tt  940 Tt 
Change in cost  $37 billion  $24 billion  -$32 billion 
Change in CO2 emissions  -450 Tt  -465 Tt  -459 Tt 
Percent change in cost  30.66%  15.37%  -15.99% 
Percent change in CO2 emissions  -32.20%  -33.24%  -32.82% 
 
 
 
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
Coal 54.71% 40.28% 39.64% 39.90%
Gas 10.67% 0.00% 0.00% 0.00%
Biomass 3.43% 7.68% 7.69% 7.57%
Hydro 15.97% 25.98% 26.28% 26.34%
Nuclear 7.90% 13.13% 13.41% 13.24%
Wind 5.38% 8.50% 8.64% 8.65%
Solar 0.65% 4.41% 4.34% 4.31%
IEA, Alternative Policy 
Scenario Projections
Low Tax ($14.02/t 
CO2)
Medium Tax ($40.65/t 
CO2)
High Tax ($77.92/t 
CO2)
 
 
Low Tax ($14.02/t CO2) 
With the incorporation of a low tax rate, CO2 emissions were reduced by 450Tt (32.20%) 
from an initial emissions level of 1399Tt to 949Tt. The total cost of production increased by $37 
billion (30.66%) to a final cost of $158 billion. Due to very a low production cost for electricity 
Figure 5 
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of gas in India, gas still has the lowest production cost. Production cost for nuclear energy is 
competitive with coal, whereas hydro, wind, and biomass remain more expensive. 
 
Medium Tax ($40.65/t CO2) 
With the incorporation of a medium tax rate, CO2 emissions were reduced by  
465Tt (33.24%) to a final emissions level of 934Tt. The total cost of production increased by $24 
billion (15.37%) from an initial cost of $159 billion to a final cost of $183 billion. In the case of 
the medium tax rate, hydro and nuclear become preferred sources in terms of generating costs, 
but coal still has a lower cost than that of wind. 
 
High Tax ($77.9/t CO2) 
With the incorporation of a high tax rate, CO2 emissions were reduced by  
459Tt (32.82%) from an initial emissions level of 1399Tt to 940Tt. The total cost of production 
was reduced by $31 billion (15.99%). The high tax rate makes the production cost of coal and 
gas about double the production cost of nuclear and hydro, which are the most competitive. 
Incentives for solar energy usage are still insufficient. 
 
 
4.5 Results for Scenario 4: India with the Introduction of Clean Coal Technologies 
With the incorporation of clean coal technologies, the final CO2 emissions under each tax 
rate decreased from the initial emissions level, however the final total production cost increased 
from the initial cost under each tax rate.  
 
Table 7      
Scenario 4: India with the Introduction of Clean Coal Technologies    
 
Low Tax  
($14.02/t CO2) 
Medium Tax  
($40.65/t CO2) 
High Tax 
 ($77.92/t CO2) 
Initial cost  $144 billion  $151 billion  $161 billion 
Initial CO2 emissions  264 Tt  264 Tt  264 Tt 
Final cost  $174 billion  $176 billion  $182 billion 
Final CO2 emissions  123 Tt  123 Tt  124 Tt 
Change in cost  $30 billion  $25 billion  $22 billion 
Change in CO2 emissions  -141 Tt  -142 Tt  -140 Tt 
Percent change in cost  20.87%  16.80%  13.48% 
Percent change in CO2 emissions  -53.29%  -53.66%  -53.02% 
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0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
Clean Coal 54.71% 40.61% 39.78% 40.53%
Gas 10.67% 0.00% 0.00% 0.00%
Biomass 3.43% 7.67% 7.55% 7.56%
Hydro 15.97% 25.66% 26.37% 25.87%
Nuclear 7.90% 13.19% 13.41% 13.26%
Wind 5.38% 8.52% 8.70% 8.41%
Solar 0.65% 4.34% 4.19% 4.38%
IEA, Alternative Policy 
Scenario Projections
Low Tax ($14.02/t 
CO2)
Medium Tax ($40.65/t 
CO2)
High Tax ($77.92/t 
CO2)
 
 
Low Tax ($14.02/t CO2) 
With the incorporation of a low tax rate, the results projected a decrease in total CO2 
emissions by 53.29% or to a final emission level of 141Tt from an initial level of 264Tt. 
Meanwhile, total cost increased by approximately 20.87% or $30 billion. Clean coal 
technologies are still too expensive to compete with more established clean energy sources. 
Hydro and nuclear are preferred; the costs of clean coal and wind are comparable.  
 
Medium Tax ($40.65/ t CO2) 
With the incorporation of a medium tax rate, the results projected a decrease in total CO2 
emissions by 54.66% or 142Tt from an initial carbon emission of 264Tt. Meanwhile, total cost 
Figure 6 
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increased by approximately 16.80% or $25 billion. Cost-wise, clean coal is still slightly preferred 
to wind. Clean coal technologies become more competitive than traditional coal. 
 
High Tax ($77.92/ t CO2) 
With the incorporation of a high tax rate, results projected a decrease in final CO2 
emissions by 53.02% or 140Tt. Meanwhile, final cost increased by approximately 13.48% or $22 
billion. High tax rates bring the cost of electricity production of gas and clean coal to 
approximately $0.07/kWh, although gas is still slightly more cost competitive. Both of these 
fuels remain significantly more expensive than hydro and nuclear and solar. Wind and especially 
solar need further incentives to become cost competitive.  
 
 
5. Discussion 
5.1 Methodology Discussion 
Uncertainties involved in the application of the methodology used to optimize the energy 
distribution will no doubt provide some limitation on the applicability and reliability of the 
results.  
Efforts were made to obtain reliable estimates of the maximum potential of each energy 
source based on natural resources and other potential of growth factors inherent to the country of 
interest. These limits play a crucial role in determining the optimal energy distribution, as a 
proposed energy distribution must fall within these limits in order for its cost to be evaluated. If 
the limits of a particular energy supply are misrepresented, it becomes very likely that the 
sampling will occur over distributions that do not correspond to attainable energy mixes, and this 
will likely affect the price and emission projections. For instance, if a limit for nuclear (which is 
cheap with the tax and low on emissions) is underestimated, then nuclear cannot supply its 
appropriate share of the energy demand. Therefore, it is likely that this demand will be made up 
by coal (which is expensive with the tax and has high emissions, but has a high potential of 
growth limit), and so the projected distribution will not correspond to one which minimizes 
emissions or cost. Ultimately, these estimates were based on IEA projections, and the 
methodology behind these projections was not transparent, and so the reliability of these   23
projections is not apparent, although it is expected that they represent reasonable 'ballpark' 
estimates.  
After the potential of growth limits, the energy production costs and emission estimates 
are important in determining the optimal energy mix. Obtaining production costs was 
particularly difficult for China, as electricity generation is provincially regulated with 
efficiencies and costs varying from region to region; even if data were available for each region, 
the prospect of obtaining a meaningful value as some average over these values would be 
daunting. Further, while China reports a great deal of its energy information in government 
publications through the National Bureau of Statistics, prices are not included.
38 Thus,  the 
generating costs were estimations calculated by international agencies and researchers, with 
slight differences from source to source. For both India and China, data was taken from sources 
which cited 'typical' values which are presumably representative of a national average. Life cycle 
emissions estimates for each energy source are taken as global averages. These numbers are 
reported with varied precision (between 1 and 3 significant figures), however the methodology of 
these estimates explains their imprecision. Life cycle emissions estimates attempt to account for 
emissions associated with actual electricity production, as well as mining, transportation, and 
related activities which contribute to emissions, which is bound to vary appreciably.
39 Despite 
these imprecisions, the estimates used seem adequate for obtaining insightful results. 
Additionally, because price estimates assume fixed costs, it is very likely that the costs 
associated with renewable energy supplies will decrease with time as construction and efficiency 
improves with 'learning by doing'. In particular, clean coal, PV solar, and nuclear could improve 
considerably in cost in these countries. On the other hand, coal is not likely to decrease in cost, 
and so if all else is correct with the prices used; the results can be considered to be conservative 
estimates based on the cost of renewables.  
The methodology of the simulation itself may also limit the reliability of the results. The 
motivation behind the implementation of the algorithm was to thoroughly sample the cost 
function/energy distribution space for a stable minimum. Again, stability was deemed more 
important than overall low cost, and as a result, several distributions were calculated which were 
more stable but yielded higher costs than their initial distributions, as was the case for Scenario 3 
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with low and medium tax, and Scenario 4 with all tax rates . It is interesting that the results in 
Scenario 3 and 4 still resulted in reduced emissions even though this was not a direct criteria in 
the simulation routine; emissions were only included indirectly through their affect on cost via 
the carbon tax. While the results of Scenario 3 and 4 did not generate more affordable energy 
distributions, the results are still insightful in light of their implications of the stability of 
distributions which rely more heavily on renewable energy sources.  
The results, particularly in China, are encouraging in that even in the scenario with a 
modest carbon tax, significant CO2 emissions reductions are observed; and in most cases with 
the three tax rates, changes to distributions with lower emissions provide significant financial 
advantages. Certainly, the higher the carbon tax is, the more affordable renewable options 
become by comparison, but one could conduct a rigorous examination to find a lower bound on 
the tax rate that would still allow the determination of an optimal energy distribution with 
reduced CO2 emissions. To conduct such a study, it may be necessary to refine the definition of 
'optimal'. In any case, the determination of a lower bound tax rate will no doubt be useful for 
policy.  
A final limitation to mention in this methodology is that no attempt is made to account 
for the externalities associated with energy use beyond CO2 emissions; that is, particulate 
pollutants, SO2, water, methane, other gaseous pollutants, and alterations to the environment and 
their effect on animal habitats are not considered while they almost certainly impose 
considerable social cost on their own. However, the present work could be extended to include 
such social costs without too much restructuring if emissions of these other by-products could be 
quantified in terms of CO2 emissions or energy production.  
 
5.2 China Discussion 
In both Scenario 1 and Scenario 2, all three levels of carbon taxation resulted in 
significant decreases in fossil fuel consumption and increases in alternative energy consumption, 
diversifying the energy mix more than if a carbon tax was not implemented. Even subject to the 
low tax level, the most competitive energy sources in both scenarios are hydropower, nuclear, 
and wind, all under $0.05/kWh. This suggests that even low levels of carbon taxation will cause 
a sizeable increase in diversification of China’s energy portfolio. As a result, with this increase in 
diversification comes a significant decrease in CO2 emissions, falling by approximately 14% in   25
the traditional coal scenario and by over 35% in the clean coal scenario for all tax rates. However, 
diversification can be costly. In general final cost of electricity production after diversification 
was lower than the initial generation costs, making diversification more cost efficient than the 
initial energy mix. However, in the traditional coal scenario subject to the low tax level, the final 
cost of electricity production for the entire nation is higher than the initial cost, indicating that 
the use of more alternative energy sources will be more expensive than if China had simply 
continued with the initial energy mix. In this case, producers already using coal-based plants may 
rather face the tax on carbon emissions through their continual use of coal than face the initial 
capital costs of the alternative fuels. But, this does not mean that diversification will not occur, 
since three of the four alternative options considered in this scenario are more cost competitive 
than either fossil fuel, providing some incentive to invest in alternative fuels.  
Biomass is not considered as a viable source of electricity production in both China 
scenarios. The vast majority of biomass consumers are located in rural areas, where they have no 
access to the main electricity grid and where few alternative energy technologies have reached. 
However, small-scale wind turbines have led to great successes in the Inner Mongolia 
Autonomous Region (IMAR). IMAR borders Mongolia and contains about one-eighth of the 
total area in China. However, less than 2% of the population inhabits IMAR, consisting mostly 
of rural residents. IMAR has had great success with small-scale wind turbines (and even with PV 
systems) serving about half of its people. Currently, over 170,000 sets of small-scale wind 
turbine generators with a capacity of 100W have been installed in China, of which 80% were 
installed in IMAR.
40 Further, the areas of China with the greatest wind potential are located in 
the central and western parts of China, which happens to correspond to the most rural areas of 
China.
41 Thus, the situation in IMAR shows that alternative energy implemented on a small scale 
can electrify a rural area. The need for biomass in rural areas is not a necessity, especially since, 
with the implementation of a carbon tax, investors will be even more willing than before to 
invest in alternative fuels. Further, the government can further create incentives for small-scale 
projects by utilizing the revenue from the carbon tax for tax credits or subsidies for those willing 
to invest in these projects.  
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In the traditional coal scenario, the proportion of electricity generated by coal decreased 
significantly from the initial projections, reducing the most in the high tax scenario. The most 
significant decrease in coal consumption was between the initial projections to the low tax 
scenarios, showing that even with low taxes, the attractiveness of coal as an energy source falls 
significantly. Natural gas consumption falls even more since the generating cost of natural gas is 
greater than that of coal, even before the implementation of a tax. This is because China does not 
have a large reserve of natural gas, thus needing to import from other countries. Hydropower, 
nuclear, and wind all become competitive fuel sources in all three tax levels, comprising about 
40% of the total energy generation. Wind costs still have potential to decrease since most turbine 
parts are imported from abroad. Policies can be implemented to promote foreign investors to 
construct turbine parts in China, providing training for the domestic labor force. Eventually, 
turbine production will be majority domestic, decreasing the cost of wind power even more. The 
cost of PV solar energy is still above coal at the low tax level, but drops below coal in the 
medium and high tax levels. This is due to the high cost in energy, and thus CO2 emissions, of 
producing PV cells, making solar the most expensive of the four alternative energy sources. This 
cost for PV cells will decrease with further research and development that can be funded by the 
government with the revenues from the carbon tax. But, until solar energy is commercialized, it 
will not acquire a significant share of the energy portfolio. 
Results from the clean coal scenario show great promise for the future of clean coal. The 
cost of clean coal per kWh fell below the cost of traditional coal in the medium and high tax 
levels. At high tax levels, clean coal is even more cost competitive than solar energy. However, 
like solar energy, clean coal is still in the developing stages, thus the process has not yet been 
commercialized. Initial capital costs and CO2 capture costs are still high and will decrease with 
further development. This will significantly benefit China since it has been endowed with such 
vast amount of coal. With clean coal technology, use of this resource will no longer be a liability 
for China, decreasing China’s dependence on imports to meet its energy needs.  
Of all the energy sources, nuclear is the most promising and the most cost competitive at 
all tax levels in both scenarios. While nuclear development has not peaked, it is still a more 
commercial energy source than the other renewables available. This means that nuclear power 
will have the greatest impact on carbon mitigation in the near future, if the correct policies are   27
implemented. The cost of hydropower is not that much higher than nuclear, but its potential for 
growth is very low as there are a limited number of rivers that can be dammed. 
  While, the decrease in CO2 emissions looks exceptionally promising for China’s 
environment, and for the world, the overall cost of energy production will increase significantly 
with the implementation of carbon taxation. This added cost in production potentially may be 
passed on to end-users, making electricity significantly more expensive. This means that a 
greater number of families may not be able to afford electricity. To counter this rise in prices, the 
government should use the revenue it gains from the carbon tax to subsidize electricity for 
families who will have great difficulty affording it. Simultaneously, government can indirectly 
decrease the cost of energy by funding R&D in energy sources that have the potential for further 
development. The development for nuclear, wind, solar and clean coal technologies have not 
peaked, leaving room for further improvements in efficiency, energy intensity, and 
competitiveness that can lead to reductions in costs to both the producer and the end-user.  
 
5.3 India Discussion 
The applied carbon taxes succeeded in reducing CO2 emissions in all six cases studied in 
India. Carbon taxes effectively internalized the cost of carbon emissions and made energy 
production from renewable energy sources more competitive. However, overall energy cost was 
not decreased as only local cost minima, close to the initial energy distribution but with lower 
carbon emissions, were found. Compared to other predictions that introduce alternative policy
 
the two scenarios studied here had lower proportions of coal, but higher percentage of hydro, 
nuclear, wind and biomass.
 42 Even the lowest applied tax rate was enough to bring nuclear 
energy to competitive terms with domestic coal; other renewable energy sources stayed 
uncompetitive until the taxes increased to medium levels. At that level, clean coal technologies 
also became more competitive than traditional coal. Solar energy for electricity production 
remains out of the reach at the moment, and significant technological breakthroughs will be 
required to make it competitive. 
The optimal energy mix for India depends both on the overall potential of existing natural 
resources, and on the level of technological advancement and capital investment levels that India 
can hope to achieve within the next two decades. Although the costs of production with the 
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application of carbon taxes clearly placed some renewable energy sources, most notably nuclear 
energy, as more affordable that traditional coal technology, their growth was limited by 
insufficient funding and technological uncertainties. Thus, the growth potential of all energy 
sources had to be limited based on the current Indian regulations and investment climate
43. 
Although the optimal energy mix did not differ greatly from the initial values, the carbon tax 
rates brought relatively large change in carbon emission. The constraints on growth potential for 
the renewables were partially the reason why the cost of production seemed to increase as carbon 
emissions fell in both traditional coal and clean coal scenarios.  
 Low efficiency of Indian coal power plants and poor quality of domestic coal resulted in 
high carbon intensities. However, the efficiency of Indian coal power plants has been improving 
and it is expected to match international projections for 2030
44. In calculating the carbon 
emissions in the model that is presented here, this was accounted for by using international 
emission values, rather than the ones that currently apply in India. India can achieve this level 
through policy implementations. With the revenue generated from carbon taxation the 
government can subsidize investors that construct more energy efficient plants or make current 
plants more efficient. This will make investors more inclined to consider the efficiency of a plant, 
further reducing CO2 emissions. 
The coal usage stayed at approximately 40% of the energy mix in both cases, which was 
lower than the reference projection with no applied carbon tax (Figure 5 and 6). By both 
international and domestic predictions, coal will remain India’s main source for electricity.
45  
Therefore, it is important to consider specific clean coal technologies that would have the most 
impact in the Indian power sector. IGCC and CCS technology considered in the scenarios are 
long-term goals that will most likely not be developed by 2030. This may explain the increase in 
final costs as clean coal is currently very expensive. However, even with these expensive and 
underdeveloped clean coal options, clean coal became cost competitive at the medium tax rate 
level, with a lower generating cost than traditional coal, wind, biomass, and solar. Even though 
IGCC and CCS may not become a part of India’s energy options anytime soon, there are other 
clean coal developments that can penetrate the market. Further, using these clean coal options in 
                                                 
43 IEA. WEO 2007 
44 Shanmugam, K. R. and Kulshreshtha Praveen, 2005  
45 Integrated Energy Policy, 2007  
    IEA. Prospects for coal and clean coal technologies in India, 2007   29
a future simulation may give better predictions of energy mixes. An immediate option for Indian 
coal is the application of ultra-supercritical boilers in power plants. This technology is mature 
and internationally available. India’s first supercritical power plant is approaching completion. 
Other plans include a number of 4000 MW ‘Ultra Mega’ Power Projects. The success of these 
may provide an impetus for other similar developments.
46  
Mostly due to low emissions, when compared to coal, and the cost of production, natural 
gas remained competitive throughout our two scenarios. This is in agreement with a finding of 
India’s Central Electricity Authority that identified natural gas as most viable for further 
development. However, their recommendations were limited to the power plants on the pipeline 
and for the end user within 200 km from the plant.
47 This resulted in a low growth potential of 
the gas that is reflected in our final energy mix. In the case of gas, infrastructure development is 
necessary to improve transport means, reduce flaring, and make gas more readily available 
throughout the country.   
The similar case of a relatively low generating cost and low carbon emissions is made for 
nuclear energy. India secured steady supplies of nuclear fuel from the USA in 2006
48 and 
improved the efficiency of its plants from 45% to 85% in recent years
49.
 However, international 
and domestic projections for nuclear power are contradicting. India’s Department of Atomic 
Energy puts the upper limit to the potential growth of nuclear energy to 155GW, with 65GW 
installed by 2031
50. For this to be achieved India relies on development of fast breading reactors 
and implementation of thorium based nuclear reactor in the future. However, IEA’s projections 
only reach 10GW – 20GW. In addition, although other power sectors were recently deregulated 
to permit the foreign and private investments, nuclear power sector remains the sole exception. 
India’s own Ministry of Finance recognizes this as one of the main factors for slowed nuclear 
energy growth
51. Since nuclear is so promising, the tax revenue generated should be directed to 
creating incentive for investors to construct new nuclear energy plants. With this help 
overcoming the initial capital investment hurdle, nuclear energy may obtain a larger share of the 
market then predicted.  
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In 2002, India ranked fourth in the global wind energy installation list, with about 1271 
MW installed capacity estimate, a figure placing it right behind Germany, Denmark and the 
United States.
52 Due to relatively long domestic experience with wind technology, production 
costs in India for wind are low. Overall projections remain similar to hydro. In addition, energy 
from small scale wind plants has lower production costs than that from the small scale hydro 
plants. This makes wind a viable option for remote rural areas away from the central grid. 
The Indian power sector experiences numerous difficulties due to long term 
mismanagement issues. Corrected for purchasing power, Indians pay one of the highest prices 
for the energy globally, yet the power sector runs annual deficits of $6 billion
53 and total annual 
subsidies for primary use of energy are estimated at $9 billion
54. About 40% of power is lost 
through illegal use and inefficient transport. Improved transportation efficiency and reliability of 
India’s power grid is one of the main premises for Indian economic growth. A carbon tax may be 
more feasible in India after structural reliability of the electricity grid has been obtained. 
Therefore, an introduction of carbon taxes can only be justified if it yields larger investment in 
infrastructure, domestic application of known clean energy technologies and improved 
reinforcement of environmental and other regulations.
55 
 
6.  Conclusion 
In all scenarios that we studied for India and China, the introduction of a carbon tax 
succeeded in significantly reducing carbon emissions. Even the implementation of the lowest tax 
level produced a significant decrease in CO2 emissions and an increase in diversification of the 
energy portfolio. This means that similar results may be obtained with a lower tax rate that could 
put less pressure on both producers and end-users, allowing the introduction of a carbon tax to be 
more feasible. Further, the final energy mix is highly dependent on global and domestic 
technological advancements, the investment climate, and energy policy in India and China. This 
is because these parameters determine the potential growth of different sectors over the years. 
Clean coal becomes more competitive than traditional coal technologies at the medium tax rates. 
This study explored limiting cases where the coal considered in the fuel mix consisted of either 
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0% or 100% clean coal technologies. This creates a lower and upper bound for coal development. 
However, development of clean coal technology is highly dependent on the energy policy and 
R&D efforts in both countries to make IGCC and CCS feasible. A more realistic and fully 
picture would account for a gradual change in clean coal technology. Also, a future study would 
be needed to determine if some more developed and affordable clean coal technologies, such as 
supercritical power plants, will become economically viable at even lower tax rates. Similarly, it 
is reasonable to expect that with further development and lowering of production costs, some 
untraditional renewable energy sources might become competitive at financially more acceptable 
lower carbon tax rates. Most notably, in both countries nuclear power was the most competitive 
clean energy source throughout.    32
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